Introduction
reported that untreated soil contained a factor limiting development of soil bacteria. This factor was probably of biological origin and was thought to involve protozoa; it was destroyed by toluene and heat. A similar factor was found by Russell and Golding (1912) to be very active in soil suffering from an excess of sewage applied as fertilizer, the large amounts of water and organic matter favoring the factor. In 1953 Dobbs and Hinson described another factor in soil that inhibited germination of fungal spores; it was probably associated with organic matter in the soil and was removed by prolonged drying or heating. This fungistatic factor was overcome in the rhizosphere and by the addition of certain nutrients (Jackson 1960) . Because of its significance for the survival of ephemeral saprophytes and fungi associated with roots, fungistasis rather than factors limiting bacterial growth has been most studied, and the extensive literature has been reviewed by Lockwood (1964) and Jackson (1 965) .
Interest in soil factors limiting bacterial growth (hereafter called bacteriostasis) revived in this laboratory because of their apparent effect on cysts of Azotobacter chroococcum inoculated into soil; cyst germination was inhibited in soil unless plant roots were present (Jackson and Brown 1966) . This paper presents results of further investigations into sensitivity of populations of soil and rhizosphere bacteria to bacteriostatic factors.
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Methods

Bacteriol Isolates
Bacteria were isolated from the rhizosphere and rhizoplane of wheat grown in garden soil for 6,42, or 82 days, and garden soil kept in pots and free from plants during the experimental period. Standard dilution plate techniques with soil-extract agar and Holding's medium (1960) were used. All bacterial colonies were picked from the plates or from sectors to give a minimum of 100 isolates for each sample. These were checked for purity and identified to genus level using Skerman's key (1967) .
A buried slide method was used to check that bacteria isolated from root samples were stimulated to greater growth near roots than in more remote soil, and to see how many bacteria from plant-free soil were stimulated by roots. Two hundred and fifty isolates were examined. The slides were coated with suspensions of 48-h cultures of each of the different bacteria in 1.5% (w/v) sterile distilled water agar and buried in pots of garden soil with wheat grains placed so that developing roots grew down in contact with the slides. After 7 days slides were removed, dried, brushed free of soil, and stained with acetic aniline blue. Bacteria producing colonies of similar size all over the slides, irrespective of root growth, were classed as soil inhabitants, not stimulated by roots; and those producing large colonies near roots and smaller colonies elsewhere were classed as root-region inhabitants.
Isolates from wheat roots of all ages were checked and classified by this method with the realization that bacteria naturally stimulated by mature roots were now being tested for stimulation by seedling roots.
Assessment of Bacteriostasis
The method used is based on that described by Jackson (1958) for assessing soil fungistasis, Soil samples were sieved (2 mm) and 60 g evenly placed in Petri dishes and brought to about 60% water holding capacity (WHC) with distilled water. Disks 7 mm diameter and 4 mm thick were cut from 1.5% sterile distilled water agar, adjusted to pH 7.0, and either transferred to strips of washed Whatman No. 1 filter paper placed in close contact with the soil, or, for controls, to strips moistened with sterile distilled water in sterile dishes. Disks were left in position for 19 h at 25" before inoculating with 0.01-ml suspensions of bacteria in sterile distilled water. Standardization of inoculum size was not necessary provided control and soil disks were inoculated from the same suspension. Disks were then incubated at 25', and replicates were removed from the filter paper-strips after 24 h and 48 h, stained with acetic aniline blue, and examined. Size of bacterial colonies on control and soil disks was compared, when possible, by counting the number of bacteria. Bacteriostasis was evident when colony size on disks incubated over soil remained smaller than on controls after 48 h.
Soils and Soil Treatments
The following soils were tested for the bacteriostatic factor. Garden soil was also assessed for the bacteriostatic factor after air-drying for 1 month or after sterilizing by autoclaving. The soil was brought to 60% W H C and agar disks were placed in position for 24 h before they were inoculated with test bacteria.
Filtrates of soil extracts from the garden and Woburn samples were also assessed for the bacteriostatic factor. These were prepared by shaking 100 g soil in cold 100 ml distilled water for 24 h and centrifuging the suspension for l0min. The supernatants were then filtered successively through membranes of 3.0, 1.2, 0.65, and 0.22 p diameter, the last filtrate being prepared aseptically. The filtrates were mixed in equal proportions with 3% distilled water agar and used for disks. These were inoculated with the bacteria and incubated on moistened filter paper in dishes. Colony growth was compared with that on disks of sterile distilled water agar.
Preparation of Disks Cotztaining Different Substrates
T o see if the bacteriostatic factor in garden soil co~lld be overcome with nutrients, disks with the following substrates were used for tests over soil, and colony growth compared with that on disks of each medium incubated on filter paper. 1. Monosaccharides, glucose and fructose 0.5% (w/v). 2. Disaccharide, sucrose 0.5% (w/v). 3. Vitamin-free casamino acids, Difco O.lYO (w/v). 4. Yeast extract, Oxoid L 20 0.1% (w/v). 5. Nutrient agar, Oxoid C M 3 plus glucose 10.0 g per liter. 6. Seed exudate agar, prepared by germinating wheat grains, surface sterilized with Chloros (Boots Ltd.) for 2 days in sterile distilled water (0.5 rnl) in glass vials (2 X 2 cm) and then adding 0.5 1111 of 3% (w/v) distilled water agar.
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Root exudate agar, prepared from seedlings grown aseptically for 11 or 24 days in plant nutrient solution (Hewitt 1952) . At harvest, root solutions were checked for sterility, then bulked, concentrated to 5 ml in a rotary evaporator at 40°, and finally transferred to dishes with 5 ml molten 3% distilled water agar.
Results
Classification of Bacteria as Rhizosphere Inhabi-
tants Examination of the buried slides showed that once the suspensions of the different bacteria were buried in soil all of the organisms multiplied, but the number of generations was different, some bacteria producing two or four cells only and others many cells. Almost all isolates formed large colonies near the wheat seed but the amount of growth elsewhere differed with each isolate. Some bacteria produced colonies of similar cell number, not usually exceeding 64, all over the slide, with no increase in size either among root hairs or at the root surface. These bacteria were classed as soil inhabitants, 53y0 of isolates from plant-free soil and 24% each of rhizosphere and rhizoplane isolates were in this group. All other isolates from plant-free soil (47%) and from root soil (76y0) were stimulated by roots, producing small colonies (4-64 cells) away from roots, frequently larger colonies among root hairs, and the largest with many cells at the root surface. These bacteria were classed as root-region inhabitants; the organisms belonging to the rhizosphere and rhizoplane populations. It was possible to classify all isolates by this method. The dominant genera from root and soil samples were identified as Nocardia, Achromobacter, Alcaligenes, Pseudonzonas, Flavobacterium, Brevibacterium, and Arthrobacter. Table 1 shows results from buried slides with some of the isolates from soil and root samples, demonstrating the variability in colony size and response to the root. Response to bacteriostatic factors ir. garden soil is also included in this table.
Bacteriostasis in Drffereizt Soil Samples
Using the agar disk method, bacteriostasis by garden soil was assessed for all 250 bacterial isolates. Results with representative isolates are included in Table 1 showing that the bacteria multiplying at the root surface were inhibited by soil factors and those with no response to roots were not inhibited. Of the 250 isolates 98% of those classed as root-region inhabitants were inhibited, either not growing or producing smaller colonies than on control disks. Strains from each genus of the identified bacteria were inhibited. None of the soil inhabitants, except Serratia marcescens, was inhibited; all colonies on control and soil disks were the same size.
For all further studies on bacteriostasis, a selection of bacteria representing the dominant genera of the root microflora and showing maximum sensitivity were used and the following results refer to these.
Assessment of bacteriostasis by different soils against 14 isolates showed the factor was active in samples from Little Knott site; all isolates were inhibited. Soil from the Highfield site inhibited 11 isolates but only after 48 h incubation. Soils from Woburn, Bedgebury, and Wareham sites inhibited only four isolates. Thus the bacteriostatic factor became less active with increasing soil acidity.
Effect of Soil Treatments
Garden soil air-dried for 1 month was bacteriostatic for 13 of 27 selected bacteria. However, if soil was autoclaved, all bacteria grew as well as, or sometimes better than on control disks.
Presence of the bacteriostatic factor in filtrates of garden soil was assessed against 14 selected bacteria. Table 2 shows that the isolates differed in their sensitivity to the factor retained in the filtrates, only the sterile extract (0.22 p) was completely non-inhibitory.
Filtrates of Woburn soil were tested against the first seven isolates listed in Table 2 and all but two were non-inhibitory. Two strains of 
Serratia rnarcescens
NOTE: Colonies with too many cells to count represented by +++, ++, +. When colonies are counted, ranze of cell number is ~iven.
Complete inhibition by bacteriostatic factors represented by **. Less growth than on control disks represented by *. Nocardia (those sensitive to 3.0 p filtrate from allotment soil) were inhibited by the 3.0-and 1.2-p filtrates.
Eflect of Adcling Substrates to the Disks
Sensitivity of 24 isolates to bacteriostasis by garden soil was examined using disks containing glucose; 11 grew as well as on control disks, the remainder were still inhibited. Further tests with 14 of the selected bacteria showed that inhibition was not removed or decreased when disks were prepared from agar containing fructose, sucrose, vitamin-free casamino acids, yeast extract, or nutrients plus glucose. However, when root exudates were added to the disks, inhibition was always overcome. Seed exudates also overcame the inhibition except for two strains that were originally isolated from 82-day-old roots.
Because root exudates were obtained from seedlings grown in plant mineral solution, it was necessary to check if bacteria lost their sensitivity to bacteriostasis when grown on disks prepared from the mineral solution. Fourteen bacteria were tested over garden soil and nine were no longer inhibited. However, the colonies which developed were always smaller than those on disks with plant mineral solution and root exudates, so the exudates provided additional nutrients, and for five of the root-region strains, provided a factor essential for overriding the soil inhibition.
population, especially those that respond to readily available nutrients, but the mechanisms of this stimulation are still largely unknown. Skyring and Quadling (1969) analyzed statistically properties of soil and rhizosphere populations and concluded that metabolic versatility alone did not account for predominance of the microbial forms found in the rhizosphere, nor could any single nutritional or physiological character be implicated as giving major selective advantage. Microbiological and biochemical data show that the root environment is different from the surrounding soil and this must partly determine the selection (Rovira 1965 ; Macura 1971) . Now, it seems that the roots of wheat provide an environment where bacteria that are normally restricted in growth by bacteriostatic factors in soil can multiply. The bacteria can grow in the root zone either because bacteriostasis is absent, or because substances partially or completely lacking in soil and essential for overcoming the inhibition are supplied by living roots. Experiments with agar disks containing either wheat root exudates or different nutrient substrates show that only exudates support maximum bacterial growth in the presence of soil. Plant nutrient solution also overcame bacteriostasis of several isolates. The reason for thls is as yet unexplained.
The bacteriostatic factor closely resembles the fungistatic factor. It is found in a wide range of soil types, but seems less active in soils with acid pH. Air-drying the soil decreases the activity so that some bacteria are no longer sensitive, but others are still inhibited. The factor is retained in soil extracts that have passed through membranes with pore diameters larger than 0.22 p, and is completely removed only when soil is sterilized by heat or membrane filtration. These properties suggest that the factor is of biological origin, and in ways as yet unexplained, nutrition of the bacterial flora is involved.
Bacteriostasis operating against bacteria normally stimulated in the root region may partly explain some of the anomalies in plate counts experienced by many people when using a soil dilution series (Meiklejohn 1957; Egdell et al. 1960) . The more dilute the soil suspension from which a plate count was prepared, the higher the estimate of numbers obtained. Should the less dilute suspensions contain an active bacteriostatic factor, this might inhibit some of the bacteria from growing on the plates, especially those of the rhizosphere population. With increasing dilution the bacteriostatic factor would be diluted out and the count of bacteria would consequently be increased.
